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Complement has often been regarded as a physiochemical state or a colloidal 
attribute of fresh serum (1), and recent work has indicated that certain com- 
ponents of complement are protein in nature (2-7) and can be partially sepa- 
rated from whole serum  (2, 8-12).  I  Treatment of serum with distilled water 
(13),  water  saturated  with  carbon dioxide  (14),  or  dilute hydrochloric acid 
(15),  has  been  shown  to  separate  complement  into  two  thermolabile  com- 
ponents.  One globulin fraction has been designated the "mid-piece," and the 
other  fraction,  previously  considered  albumin,  has  been  termed  the  "end- 
piece."  In addition, it has been shown that yeast cells inactivate a  relatively 
heat-stable component of complement, the "3rd component" (16, 17); and that 
dilute ammonia destroys another thermostable fraction, the "4th component" 
(8).  Other constituents have been suggested  but  definite evidence of their 
existence is lacking. 
It seemed desirable to attempt a collaborative investigation of these impor- 
tant  chemical  substances  by  our  two  laboratories,  one  concerned  with  the 
preparation of all serum and plasma proteins in as pure a state as possible and 
their study as chemical individuals, the other with the study of the components 
of serum which the immunologists term complement. 
General Methods 
The methods that have previously been described (18, 10) from the Institute 
of Pathology of Western Reserve University, Cleveland, have been employed 
* Aided by a grant from the Commonwealth  Fund. 
1 Certain workers have been inclined to view complement  as a  serum lipoid or a 
calcium  soap  complex.  See Brooks,  S.  C., J. Gen. Physiol., 1920, 3, 185; Noguehi, 
H.,  Biochern. Z., 1907, 6,  172, 327; yon Liebermann, L., Deutsch. reed. Woch., 1921, 
47, 1283. 
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in  the assay of complementary activity.  The methods that  have been  em- 
ployed in the chemical fractionation, purification, and characterization of the 
proteins are those generally in use in the Department of Physical Chemistry at 
the  Harvard  Medical  School (19-23)  where  during a  sojourn of one  of the 
authors  (L. P.),  the work described in this  communication was  carried  out. 
MateriaL--Because of its high content of hemolytic complement, guinea pig serum 
was employed in all the purifications  described below.  The blood of healthy adult 
male guinea pigs was pooled and allowed to clot in the refrigerator at 3-4°C.  Mter 
6 hours, the clear serum was separated,  by centrifugation,  and immediately  chilled 
to 1°C.  Precipitation  of the serum proteins was started within  1 hour. 
Immunological Methods.--The  methods  for preparing  the  mid-piece,  end-piece, 
ammonia-treated  serum,  and zymin-treated serum  employed  in  the immunological 
tests have been previously  described  (10, 24).  Methods for the accurate  titration 
of complement as well as the manner of reactivation have also been described in detail 
elsewhere (18, 10).  In the following experiments  heated  mid-piece (heated  at 58°C. 
for 30 minutes)  was the source of 3rd component. 
Electrophoretic and Ultra.centrifugal Methods.--The electrophoretic  experiments  on 
the serum fractions were carried out in a Tiselius apparatus equipped with a schlieren 
optical  system  of  a  modified Philpot  type  (25).  Electrophoretic  mobilities  were 
measured for 1 per cent protein solutions at about 4  ° in phosphate buffer of 0.20 ionic 
strength and pH 7.7, and have been expressed as mobilities at 0  ° (since the conduc- 
tivity of the buffer was measured at 0°).  Photographs were made at hourly intervals 
over a period of 2½ to 3 hours.  The centrifugal  studies  were carried  out in an air- 
driven  ultracentrifuge  of  the  Bauer-Pickels  type  (26), equipped  with  a  schlieren 
optical  system as was  used  in the  electrophoresis  apparatus.  The  centrifuge  was 
driven at a speed of 54,000 R.I'.~., and photographs were made at  10 or 20 minute 
intervals.  In nearly all cases sedimentation  constants were measured for 1 per cent 
protein  solutions in potassium  chloride of 0.20 ionic strength, and the sedimentation 
constants,  s2o~.w, have been corrected  to the density and viscosity of water at 20  °, 
but not to zero protein concentration. 
Chemical Fractionation of the Components of Complement 
Ecker, PiUemer, Jones, and Seifter  (2)  have shown that the addition of 14 
volumes of 2.4 M (NH4)~SO4 to 1 volume of guinea pig serum results in the pre- 
cipitation of about 35 per cent of the total serum protein containing about 90 
per cent of the complementary activity of the serum.  However, attempts to 
separate this material into the various components of complement were futile. 
It became evident that although the  1:15 dilution of serum with the desired 
(NI~)2SO4  concentration was  sufficient to separate  the  globulin from serum 
without much loss  of complementary activity, the same method was unsatis- 
factory for further purification of the complement components. 
The method adopted for the purification of the complement components was 
that  described  by Cohn,  McMeekin,  Oncley,  Newell,  and  Hughes  (21,  23). L.  PILLEMER~  E.  E.  ECKER~ J.  L.  ONCLEY~ AND  E.  J.  COHN  299 
The serum proteins were maintained at a  high concentration throughout and 
reagents added  by slow  diffusion through  a  rotating cellophane membrane. 
All procedures were carried out at 1°C. and conditions of pH and ionic strength 
were strictly controlled. 
Four preparations were carried to completion. 
Preparation /.--In this preliminary preparation 90 cc. of serum were employed. 
The results indicated (1) that less than 25 per cent of the total serum proteins were 
involved in  complementary activity;  (2)  that  serum  proteins insoluble in  1.39  x, 
(NH4)2SO4 contained all of the mid-piece; (3) that the material soluble in 1.39 ~  but 
insoluble in 2.0 ~  (NH4)~SO4 was devoid of all components of complement with the 
exception of 3rd component; and (4) that the material soluble in 2.0 ~  but insoluble 
in 2.5 ~r  (NH4)2SO4 contained both the end-piece and 4th component.  Because of 
the small amount of material in each fraction further purification was not feasible 
and no satisfactory analytical data were obtained. 
Preparation//.--225 cc. of guinea pig serum were diluted with 180 cc. of 0.9 per cent 
NaC1; the solution was chilled to I°C. and then carefully mixed with 225 cc. of 3 
(NH4)2SO4 and 45 cc. of N/10 H2SO4.  All of the reagents were brought to I°C. before 
mixing, and  this temperature was maintained during the preparation of the various 
serum proteins.  The  final protein concentration was 2.3 per cent and the pI-I was 
maintained  near  6.0,  since  4th  component  is  destroyed  by  free  amino groups 
(8, 10), whereas,  as Pillemer, Seifter,  and Ecker have shown (12), this component as 
well as end-piece is unstable at acid reactions. 
The desired amount of 3 ~r (NH4)2S04 for fractionation of the protein fractions was 
introduced into a cellophane membrane, and allowed to diffuse  slowly with rotation 
into the protein solution until the desired equilibrium  was attained.  This was accom- 
plished in every instance in not more than  18  hours.  The first equilibration was 
carried to 1.39 M (NI-I4)2SO4, the proteins insoluble at this salt concentration removed 
by centrifugation in a  refrigerated centrifuge, and the clear supernatant decanted. 
The 1.39 ~  (NI-I4)2SO4  precipitate was then washed three times with 1.39 M (NH4)2S04 
to avoid occlusions and the washings added to the solution to maintain the original 
volume. 
The precipitate was then dissolved in the smallest possible volume of distilled water 
or buffer, transferred to a  cellophane membrane, and dialyzed with rotation against 
large volumes and repeated changes of distilled water or buffer (see section on puri- 
fication of mid-piece).  Mter 24 hours the dialyzing medium was usually ammonia- 
free,  and the dialyzed material transferred to ice-cold  tubes, centrifuged, the super- 
natants decanted, and the precipitate washed three times with the dialyzing fluid as 
before.  The washings were added to the supernatant solution.  The precipitate was 
then dissolved in a minimum  amount of 0.9 per cent NaCI, and a sufficient amount of 
NaC1 added to the supernatants to render them isotonic.  In a similar manner, pre- 
cipitates were collected successively at 1.68 ~, 2.0 M, 2.2 M, 2.5 ~,and 3.4 ~  (NH4)2SO4. 
The fractions were immediately tested for their complementary activity (Table I), 
and subsequently characterized electrophoretically and in the ultracentrifuge (Table 
II).  The euglobulin part of the precipitate at 1.39 ~  (NH~)2SO4 contained all of the 
mid-piece and a  small amount of  3rd  component.  This fraction, while appearing 300  SERUM  PROTEIN  COMPONENTS  OF  COMPLEMENT 
homogeneous in the ultracentrifuge,  contained at  least  three proteins as judged  by 
electrophoretic analysis.  The serum proteins soluble at 1.39 ~  but insoluble at 2.0 M 
(NI-I4)2SO4 contained no active complement components with the exception of a  small 
amount of 3rd component  2 in the euglobulins, although this material was composed 
of about 20 per cent of the total serum proteins and approximately 80 per cent of the 
serum globulins.  It was noted  (1)  that  the water-soluble material precipitated  be- 
TABLE I 
Distribution of Complement Substances in the Ammonium Sulfate Fractionation of the Serum 
Proteins of the Guinea Pig 
Ammonium 
sulfate con- 
centration 
mole~liter 
Soluble 
1.39 
Insoluble 
Soluble 
1.60  Insoluble 
Soluble 
2.00 
Insoluble 
Soluble 
2.20  Insoluble 
2.50 
3.40 
Total of proteins 
Solubility in water*  Protein 
precipitated  " 
~ofeg cent  total 
7 
4.6 
5 
4.4 
5.5 
2.1 
5.3 
0.2 
Soluble  50 
Insoluble  Trace 
Soluble  12 
isolated ......  96.1 
Content of complement substances in each 
serum fraction 
I 
Mid-piece  __ 
--I  per cent 
0 
100 
0 
0 
0 
0 
10 
End-piece 
per ~nt 
0 
0 
0 
0 
0 
0 
6O 
20 
0 
0 
0 
80 
3rd 
component 
per cent 
15 
3O 
0 
3O 
0 
2O 
0 
0 
0 
10 
105 
4~ 
component 
~er c~t 
10 
0 
0 
0 
0 
0 
5O 
3O 
0 
0 
90 
* Insolubility here designates the fraction precipitated at each  N-H4)2SO4  concentration 
which separates upon dialysis against cold distilled water, except the 1.39 xf euglobulin frac- 
tion  which was  separated  by  dialysis  against  phosphate  buffers  of pH 5.2-5.3  and  ionic 
strength 0.02. 
tween 2.0 ~t and  2.2 ~  (NI-h)2SO4,  which  contained  5.3  per  cent  of the  total  serum 
proteins, and which behaved electrophoreticaUy as though it were albumin, contained 
2 The 3rd component of complement was found in small quantities in nearly every 
fraction  of  serum.  Evidence  indicating  that  it  may  be  a  phospholipid  or  closely 
associated with phospholipids has elsewhere been presented  (24).  Recently Pillemer 
and Ecker (11) have isolated an insoluble constituent from fresh yeast which specifi- 
cally adsorbs  all of the 3rd  component  from serum.  Attempts are now in progress 
by them to isolate and purify this complement component. TABLE  11 
Distribution  of Proteins in the Ammonium Sulfate Fractionation  of Guinea Pig Serum as 
Estimated  by Electrophoretic and Ultra,  centrifugal Analyses 
Ammonium 
sulfate con- 
centration 
mole/liter 
Total serum 
1.39 
1.60 
2.00 
2.20 
2.50 
Total serum 
1.39 
1.60 
2.00 
2.20 
2.50 
3.40 
Solubility in water 
Mobilities of serum proteins in phosphate buffer solutions of 0.2 
strength,  at  ph  7.7,  #~o X  106  ionic 
Albumin  Globulins 
4.7  3.8  I  2.9  [  2.5  [  1.8  [  1.0 
Amount of protein with each mobility in serum and in the fractions 
per cent 
70 
Soluble 
Insoluble* 
Soluble 
Soluble 
Solublet  5.2 
Soluble  48 
per cenl 
10 
0.1 
0.1 
0.1 
1.9 
0.1 
1.8 
per cent 
4.3 
.I  0.2 
0.2 
[  per.,#  I  pe,.nt  I  per c~t 
20 
4.9  2.0 
0.2 
I  2.5  2.4 
1.7  1.7 
I 
I 
i 
I 
l 
I 
Sedimentation constants of serum proteins in 1 per cent solution, 
1%  s20°, w  X  1013 
17  I  6,  I  ,3  [  3, 
Amount of protein with eazh sedimentation  constant in  serum 
and in the fraction 
per cent 
5 
Soluble 
lnsoluble~ 
Soluble 
Soluble 
Soluble§ 
Soluble  1 
Soluble 
per cent 
25 
7.0 
4.6 
5.0 
4.1 
per cent 
70 
5.3 
49 
12 
per cenl 
1.4 
* In the final preparation of purified mid-piece from this fraction of serum, 0.6 per cent of 
the total protein was separated, and an electrophorefic mobility of 2.9  X  10  -5 was observed 
with not more than 0.01 per cent of the total serum protein with a lower mobility. 
1" In the final preparation of purified end-piece and 4th component from this fraction of 
serum, only 0.2 per cent of the total protein was separated, and an electrophoretic mobility of 
4.2  X  10  -5 was observed, with not more than 0.004  per cent of the total serum protein of 
mobility slightly higher. 
In the final preparation of purified mid-piece from this fraction of serum, 0.6 per cent of 
the total protein was separated, and a sedimentation constant of 6.4 X  10  -13 was observed 
upon ultracentrifugal analysis. 
§ In the final preparation of purified end-piece and 4th component from this fraction of 
serum, 0.2  per cent of the total protein was separated, and sedimentation constants of 17, 
6.3, and 3.8  X  10  -13 in amounts of the total serum protein of about 0.01, 0.07, and 0.12  per 
cent respectively were observed upon ultracentrifugal analysis. 
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60 per cent and  50 per cent end-piece and 4th component  respectively; (2)  that a 
trace of euglobulin which settled out of the 2.2 M fraction on dialysis against distilled 
water contained respectively 20 per cent and 30 per cent of these components.  This 
was the first indication that they might be euglobulin in nature, since previously it 
had been thought that these were either pseudoglobulins (10) or albumins (8). 
The various serum fractions were frozen, dried, and sealed in vacuo (27)  without 
much loss of solubility or content of complement components (3rd component being 
an  exception discussed subsequently in  the  section dealing with mid-piece).  This 
permitted the accumulation of larger amounts of fractionated serum for the character- 
izations of the complement substances. 
Preparations III and IV.--460  cc.  of serum from  79  guinea pigs and 610  cc. of 
serum  from 97  guinea  pigs were  processed identically as  in  Preparation II.  The 
pseudoglobulins and albumins were frozen and dried in a salt-free condition, while the 
euglobulins were dried in a minimum amount of 0.9 per cent NaC1, since it had been 
determined in Preparation II that better re-solution of the euglobulins occurred when 
they were treated in this manner.  The dried material was stored at 3-4°C. in vacuum- 
sealed bottles. 
Upon completion of the two preparations, the sealed bottles of identical fractions 
were opened, tested for complementary activity, and combined.  The serum fractions 
containing active complement components were then maintained in a frozen state in 
a  -15°C. bath, as it was felt that such treatment would be less drastic than repeated 
freezing and dehydration.  Characterization of the various serum protein fractions 
indicated  that  almost  identical  fractionations  were  obtained  in  Preparations  II, 
III, and IV. 
Purification  and  Characterization  of the Mid-Piece Component of Complement 
The euglobulins insoluble at 1.39 ~  (NH4)~SO4  contained all of the mid-piece. 
The further purification and fractionation of the crude euglobulin precipitate 
separating at this ammonium sulfate concentration were therefore undertaken. 
Earlier investigators  (24,  28)  believed that mid-piece was very unstable and lost 
activity in a  few hours time, becoming anticomplementary.  Browning and Mackie 
(4) and Parsons  (5) failed to observe any complementary activity or components in 
the precipitates they obtained at a third saturation of (NI-hhSO4, and suggested that 
this serum fraction was anticomplementary.  In the present studies also, activity was 
not observed in the crude, initial preparations.  Stability studies of the mid-piece 
euglobulin have shown, however, that this component of complement, while very un- 
stable at neutral reactions, is stable at a  slightly acid reaction (12).  Therefore, the 
practice has been to maintain the pH of the purified protein between 5.4 and 5.8, only 
neutralizing  to  pH  7  before  testing  for  complementary  function.  No  mid-piece 
activity, furthermore, was observed at protein concentrations exceeding 0.02 per cent; 
while  full activity was  always  observed at  protein  concentrations  between  0.002 
and 0.02 per cent. 
The crude  1.39 ~  (NH4)~SO4 precipitate  contained quite large amounts of fat in 
suspension, giving a milky appearance.  The yield from 1070 cc. of serum or 65 gin. 
of protein was 2.7 gm., or 4.1 per cent  of the total serum proteins.  Ecker, Pillemer, L. PILLEMER~  E. E. ECKER~  J. L. ONCLEY,  AND  E. ~. COHN  303 
and Grabill (29) showed that extraction of dried complement with fat solvents resulted 
in increased complementary activity of serum, and that the addition of such extracted 
fats to normal guinea pig serum had  an anticomplementary effect.  Therefore, the 
globulins precipitated were dissolved iu a small amount of 0.9 per cent NaC1, neutral- 
ized to 5.8 with 0.01 N NaOH, and centrifuged in the cold for 2 hours at 2750 g.p.~r. 
Nearly all of the suspended fat collected at the surface and was skimmed off.  The 
TABLE III 
Further Fractionation in Phosphate Buffers  Varying in pH and Ionic Strength of Precipitate 
from  Guinea Pig Serum  at 1.39 x,  (NH4)~04  at I°C. 
Ionic 
strength of 
phosphate 
buffer 
r/z 
O. 00" 
0.10 
0.10 
0.01 
0.02 
0.05 
0.075 
pH 
6.4 
6.4 
7.0 
5.2 
5.2 
5.2 
5.2  ] 
Protein 
imoluble 
30 
30 
75 
60 
50 
50 
Solubility in 
phosphate buffer 
Soluble 
Insoluble 
Soluble 
Insoluble 
Soluble 
Insoluble 
Soluble 
Insoluble 
Soluble 
Insoluble 
Soluble 
Insoluble 
Soluble 
Insoluble 
Content of complement substances 
Mid-piece 
per cent 
0 
0 
0 
0 
0 
0 
0 
100 
0 
100 
40 
60 
End.  iece 
per  ~nt 
:  t 
com]  nent 
pel  :ent 
0 
60 
45 
15 
45 
15 
45 
15 
4th 
component 
per cent 
Trace 
0 
15 
0 
15 
0 
10 
0 
15 
0 
15 
0 
15 
0 
* The dialysis in this case was against distilled water. 
protein solution, filtered through hardened filter paper, was almost completely clear, 
and exhibited full complementary activity. 
Judged both electrophoretically and immunologically the euglobulin precipitated 
by 1.39 ~  (NH4)~SO4 was far from being homogeneous.  Since it was known that the 
mid-piece is a euglobulin with a solubility minimum in the region of pH 5.2  (15), the 
following experiments were  carried out  to determine the  conditions for its specific 
and quantitative precipitation. 
The  1.39 ~  precipitate was dialyzed against phosphate buffers of ionic strengths 
ranging from 0.01  to 0.10 and pH from 5.2  to 7.0.  Dialysis against distilled water 
or phosphate buffer at a  pH of 6.4 resulted in a  complete loss of all activity (except 
that of the 4th component), while dialysis against phosphate buffer at ionic strengths 304  SERUM  PROTEIN  COMPONENTS  O1~  COMPLEMENT 
of 0.05 to 0.075 and a pH of 5.2 resulted in no loss of mid-piece activity and showed a 
varying distribution between precipitates and solution.  The results of this experi- 
ment (Table III) demonstrate that whereas the active euglobulin was quantitatively 
precipitated at an ionic strength of 0.01 or 0.02 at pH 5.2, a fair proportion of other 
euglobulins  as well as pseudoglobulin  remained in solution,  thus leading to almost 
substantialpurification.  At an ionic strength of 0.02 at a pH of 5.2, 4th component 
appeared to remain in solution with most of the 3rd component originally  present in 
the 1.39 1  precipitate. 
The euglobulin  separating at an ionic strength of 0.02 at pH 5.2 from the protein 
fraction precipitated by 1.39 ~r (NH4),SO4 at I°C., although containing all of the mid- 
piece activity, was still not homogeneous  electrophoreticaUy.  At least four proteins 
were present, of which one, constituting 85 per cent of the material, had an electro- 
phoretic mobility of about 2.9  ×  10-5; the remaining three having mobilities of 1.0, 
2.5 and 3.8 X 10  -s respectively, when measured in phosphate buffers of ionic strength 
0.2 at pH 7.7. 
A MtD-.PIEGE 
•  ~sch.o~o~sls) 
o 
e  MID-PIEGE 
" O.Jltrocer~u~e)  "~b 
G. END-PIECE  .~ 4TH. 
Electrophoresis) 
Fxa. 1.  Schlieren patterns of purified components of complement.  Electrophoretic 
experiments in phosphate buffer, pH =  7.7, F/2  =  0.20; ultracentrifuge experiments 
in 0.20 ~ potassium chloride,  a, location of initial boundary (diagram is of descending 
boundary); b, location of meniscus. 
The euglobulin  dissolved  at a  concentration of  10 per cent in 0.9 per cent NaC1 
was  therefore  reprecipitated  by  again  diffusing  (NI-hhSO4  through  a  cellophane 
membrane until the  equilibrium  concentration was  1.22 ~.  The resulting precipi- 
tate, redissolved  and again dialyzed against a phosphate buffer of ionic strength 0.02 
at pH 5.2, yielded  reprecipitated euglobulins  retaining full mid-piece activity. 
This  euglobulin  separated  by  the  above procedures  was  considered  suffi- 
ciently homogeneous to be studied  electrophoretically and in the ultracentri- 
fuge.  Fully 98 per cent of the precipitate had an electrophoretic mobility of 
2.9  X  10  -5, and but a  small amount of material migrated at a slower velocity 
(Fig.  1 A).  A schlieren diagram of an ultracentrifugal analysis is represented 
in  Fig.  1 B  and reveals that  all  of the molecules were sedimenting with  the 
same velocity, calculated to be 6.4  X  10  -18. 
The final yield of this protein from 1070 cc. of serum was 400 nag., or 0.6 per 
cent of the total protein.  Upon drying this material a  small amount, which 
proved not  to be the  mid-piece, failed  to redissolve in  a  0.9  per cent NaC1 
solution.  The greater stability of the mid-piece of complement under  these 
conditions thus served to increase the final purification. L. PILLEMER,  E. E. ECKER,  3. L. ONCLEY,  AND  E. ~. COHN  305 
Purification and Ckaracterization of End.Piece and 4tk Component 
The serum proteins soluble in 2.0 ~  but insoluble in 2.2 ~  (NH4)2SO4 contain 
80 to 85 per cent of both end-piece and 4th component, and comprise approxi- 
mately 5 per cent of the total serum protein.  The yield from 1070 co. of serum 
was 3 gm.  In  Preparation II, a  slight amount  of material had precipitated 
during dialysis against  distilled water,  which contained both of these compo- 
nents of complement, suggesting that these proteins might also be euglobulins. 
The serum proteins soluble at 2.0 ~  (NHa)2SO4 were therefore adjusted carefully 
to a pH of 6.4 with NaOH, and 3 M (NH4)2SO4  previously neutralized to a pH of 6.4 
was allowed to diffuse through a rotating cellophane membrane into the protein solu- 
tion until a molarity of 2.2 ~  (NI-I4)2SO4 had been attained.  The precipitated ma- 
terial was washed five times with 2.2 ~  (NI-I4)2S04,  dissolved in a minimum amount of 
distilled water, and dialyzed against repeatedly changed conductivity  water.  Usually, 
after 48 hours a green,  transparent, extremely viscous precipitate separated, which 
clung tenaciously to the  sides of the cellophane  membrane.  The precipitate was 
scraped from the cellophane membrane into its mother liquor with a  spatula, and 
centrifuged.  It separated as a green, transparent gel, much like the fraction desig- 
nated PI by Green (19).  Upon resuspension  of this material in distilled  water, it 
formed a white, amorphous suspension which upon recentrifugation again separated 
as a green, transparent gel.  The gel was washed five times with conductivity water, 
and finally dissolved in a minimum quantity of 0.9 per cent NaCI.  This material 
contained all of the end-piece and 4th component originally  present in the 2.0 ~- 
2.2 M precipitate.  This euglobulin  fraction was further purified  by being twice re- 
precipitated by (NH4)2SO4 and twice reprecipitated by dialysis against conductivity 
water. 
The muco-euglobulin separated by the procedure given in detail above con- 
tained 85 per cent of both components (end-piece and 4th component).  Its 
carbohydrate content as determined by the Orcin method (30)  was  10.3  per 
cent as contrasted with a  carbohydrate content of mid-piece of 2.7 per cent. 
The final yield of this active precipitate was 120 rag. or less than 0.2 per cent 
of the total serum protein.  Its specific optical rotation was  --192.5°; and it 
reduced Schiff's reagent (31).  It contained but a very small amount of phos- 
phorus. 
Treatment of this muco-euglobulin at 50°C. for 30 minutes destroyed all of 
its end-piece activity, but did not inhibit 4th component.  It appears that this 
protein fraction retained two functions, one by virtue of a relatively heat-labile, 
and the other by virtue of a relatively heat-stable component. 
Gordon, Whitehead, and Wormall (8) have shown that the "albumin frac- 
tion" of serum contains both heat-labile and heat-stable components of com- 
plement.  Further studies by Pillemer, Seifter, and Ecker (10,  12,  32)  have 
revealed that these components are relatively stable in alkaline solutions, but 
unstable in slightly acid solutions; that the heat-stable component is inactivated 306  SERU'~  PROTEIN  COMPONENTS  OF  COMPLEMENT 
by organic compounds that react with carbonyl groups; and that calcium and 
lipids play little  or no r61e  in the  activity of either  of the  two  components. 
The hypothesis was offered that the two components are a  carbohydrate-pro- 
tein complex.  The unusually high carbohydrate  content of the muco-euglob- 
ulin that  has now been  separated and its ability to reduce Schiff's  reagent is 
not  inconsistent  with  this  hypothesis.  This  serum  fraction  exhibited  full 
end-piece and 4th component activity in dilutions of 0.01 per cent and showed 
no inhibitory action of the kind discussed for mid-piece. 
TABLE IV 
Properties of Purified Components 
Complement components present .................... 
Mobility in phosphate buffer, at pH 7.7, 0.2 ionic strength 
1%  Sedimentation constant, S20o  ' w  ...................... 
Protein nitrogen, per cent ........................... 
Carbohydrate,  per cent ............................. 
Phosphorus, per cent ............................... 
Optical rotation, o (a)~D ........................... 
Apparent isoelectric point ............................ 
Fraction of total complement activity,  per cent ......... 
Fraction of total serum protein, per cent* .............. 
Heat stability  of complement, activity (destroyed in 30 
min. at tabulated  temperature),  °C  .................. 
( Complement 
Euglobulin 
Mid-piece 
2.9 X  10  -~ 
6.4 X  10  -18 
16.3 
2.7 
>0.1 
--28.7 
5.2-5.4 
100 
0.6 
50 
Muco-euglobulin 
End-piece and 4th 
component 
4.2 X  10  -5 
14.2 
10.3 
>0.I 
--192.5 
6.3-6.4 
85 
0.18 
50,~" 66:~ 
* The three complement components together then comprise 0.78 per cent of the total serum 
protein.  Heidelberger (33) reported that by an entirely different technique he found that 1 
cc. of guinea pig serum contains from 0.15 to 0.2 rag. of complement protein.  However, in a 
personal communication to the authors,  Heidelberger reports  that he now finds 0.4 to 0.7 
mg. of complement protein to be a safer approximation.  This is in good agreement with the 
values reported in this paper. 
t For end-piece activity. 
:~ For 4th component activity. 
Electrophoretic analysis revealed that this muco-euglobulin fraction had not 
more than 2 per cent of slower moving components, with 98 per cent having a 
mobility  of 4.2  X  10  -5 in phosphate  buffer  of 0.2  ionic  strength  at  pH  7.7 
(Fig.  1 C).  This  mobility  is  characteristic  of  the  fastest  moving  globulins, 
termed  a-globulins  by  Tiselius.  Ultracentrifugal  analysis  of  this  fraction, 
because  of technical  difficulties,  was  not  carried  out  until  24  days  after  its 
preparation.  Although this material was kept at 3-5°C., about half of it was 
insoluble  at  the  conclusion of this  period  of time.  The part  of the  fraction 
which remained soluble revealed several boundaries upon ultracentrifugal  an- 
alysis.  The sedimentation  constants observed,  17, 6.3, and 3.8  X  10-13 (with L.  PILLEMER,  E.  E.  ECKER,  J.  L.  ONCLEY~  AND  E.  S'.  CORN  307 
amounts respectively of 5, 35, and 60 per cent), are close to those previously re- 
ported for purified a-globulins from other species  (21,  23).  Since all  of the 
available material was exhausted in other characterizations of this serum frac- 
tion, no repetition could be made, but as soon as more material is available, a 
study will be undertaken to determine if the fraction containing these com- 
ponents of complement represents a  single component in the ultracentrifuge, 
several independent components,  or several components in equilibrium with 
one another. 
Meanwhile, the properties of these purified fractions containing (1) mid-piece, 
and (2) end-piece and 4th component, are contrasted in Table IV.  It will be 
noted that the apparent isoelectric point, that is,  the pH of water triturated 
with the precipitated euglobulins associated with end-piece and 4th component 
actually was close to 6.3, while that of the mid-piece was 5.2.  The fraction 
with the higher mobility at pH 7.7 and precipitated by the higher concentration 
of salt thus had the more nearly neutral isoelectric point.  Here again, more 
material should make possible confirmation of this unexpected result,  and a 
more detailed study of the interactions of these components of complement 
with each other, and with the other components of serum. 
SUMMARY 
1.  Methods for the separation from guinea pig serum in highly purified form 
of three of the components of complement are described.  These substances 
are the so called mid-piece, end-piece, and 4th component. 
2.  Mid-piece has  been separated  as  a  euglobulin,  with  an  electrophoretic 
mobility of 2.9 X  10  -5 in phosphate buffer of ionic strength 0.2 at pH 7.7, and 
with a  sedimentation constant of 6.4  X  10-13 in potassium  chloride of ionic 
strength 0.2. 
3.  End-piece and 4th component were found together in a euglobulin fraction 
of serum which contained 10.3 per cent carbohydrate and had an electrophoretic 
mobility of 4.2 X  10  -5 in phosphate buffer of ionic strength 0.2 at pH 7.7. 
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